The genetic parameters controlling the expression of foliage disease resistance, seed yield and its components of faba bean have been studied using the generation mean analysis, during 2012/13, 2013/14 and 2014/15 seasons at Sakha Agricultural Research Station, Kafr El-Sheikh, Egypt. The six population parameters P1, P2, F1, F2, BC1 and BC1 of three faba bean crosses (Giza 3 x Rena Mora , Sakha 1 x Ohshima-Zairai and Sakha 2 x Rena Mora) were used in this study. The obtained results indicated that both additive and dominance types of gene effects were involved in the inheritance of No. of seeds/plant, seed yield/plant, No. of seed/pod, 100-seed weight and reaction to chocolate spot and rust diseases in the three crosses, moreover, additive x additive gene effects were relatively more important than additive effects in the inheritance of these traits but less important than dominance ones.
INTRODUCTION
Faba bean plant has attracted the attention of most plant breeders to improve its yield because of the importance of the crop for both human and animal nutrition. Most of plant breeders assume the absence or decrease of epistatic gene effects. Gamble (1962) reported that epistatic gene effects are present in sufficient magnitude in quantitative traits which may alter the breeder ' s decision for the breeding method which must be followed. For example, if the additive genetic variance is of major importance, the intrapopulation selection will be considered as the most effective procedure for gathering the favorable genetic constitutions. If dominant variance especially over-dominance is predominant, then the hybrids programs for commercial purpose may be the appropriate choice. On the other hand, if the epistatic variance is relatively high, more reliance should be placed on selection between families (El Galaly et al (2008) , El-Hady et al (2008) , El-Hady et al (2009) , El-Refaey and Abd El-Razek (2013) and Abo Mostafa et al (2014) .
So, the plant breeder is interested in estimating gene effects in order to formulate the most advantageous breeding procedures for improving the genetic material (Abdelmula et al (1999) and Bond et al (1994) .
Six population analysis suggested by Gamble (1962) is considered as the most important analysis method which supply the breeder by the information about the nature of gene action, heterosis, inbreeding depression, heritability and predicted genetic gain from selection for given characters.
The aim of the present study is to elucidate the relative magnitudes of the different types of gene action for reaction to chocolate spot and rust diseases, seed yield and some of its components of faba bean. Heterosis, inbreeding depression and genetic advance were determined also in this study.
MATERIALS AND METHODS

Field experiments:
The present investigation was carried out during the successive seasons of 2012/13, 2013/14 and 2014/15 seasons at Sakha Agricultural Research Station, ARC, Kafr El-Sheikh. Five faba bean (vicia faba L.) varieties namely; Sakha 1,Sakha 2, Giza 3,Ohshima-Zairai and Rena Mora were used to generate the experimental materials for this study. The three initial crosses; Giza 3 x Rena Mora,Sakha1 x Ohshima-Zairai and Sakha 2 x Rena Mora are designated in the text as first, second and third cross, respectively.
The crosses were developed in 2012/13 season under the isolation wirecages of Sakha Agricultural Research Station, ARC, Kafr El-Sheikh Governorate, Egypt. In 2013/14 season, F 1 plants were selfed and backcrossed to each parent under the same wirecages to obtain the F 2 , BC 1 and BC 2 for each cross.
In 2014/2015 growing season, the six population seeds ,i.e. P 1 ,P 2 ,F 1 ,F 2 ,BC 1 and BC 2 of the three crosses were sown in a randomized complete block design with three replications, under natural infection of early sowing dates in November 1 st (early date ). The plants were grown in ridges of three meters length and 60 cm width. Hills were spaced 20 cm apart with one seed per hill. Plots varied in size;16 rows for F 2 , 9 rows for BC 1 and BC 2 and 3 rows for P 1 , P 2 and F 1 . All cultural practices were done as usual with ordinary faba bean culture. Data were taken on plants of six populations in each cross for the following characters. Table ( 2) with the adjustment of grading system from 1 to 9 for the increasing lesion percentage of leaf, flower and stem area covered by lesions, according to the scale of Bernier et al. (1993) .
Disease Assessment:
Reaction to foliar diseases (the disease severity of chocolate spot and rust diseases) was recorded on mid February and mid March for chocolate spot and rust diseases, respectively, according to the disease scales by Bernier et al. (1993) presented in Table ( 2). Pustules common on leaves covering 1-4% of leaf area, little defoliation and some pustules on stem (moderately resistant).
7
Pustules very common on leaves covering 4-8% of leaf area, some defoliation and many pustules on stem (susceptible).
9
Extensive pustules on leave, petioles and stem covering 8-10% of leaf area, many dead leaves and several defoliation (highly susceptible).
Statistical analysis.
To determine the presence or absence of non-allelic interaction, scaling test as outlined by Mather (1949) was used. The quantities A, B, C and D and their variances have been calculated to test adequacy of the additive-dominance model in each case. Where:
The standard error of A,B ,C and D is worked out by taking square root, of respectively variances. The t-values are calculated by dividing the effects of A,B,C and D by the respectively standard error . The calculated tvalues were compared with tabulated value of t at 5% levels of probability in each test, the degrees of freedom (df) is sum of (df) of various generation involved. The significance of A and B scales indicate the presence of all types of nonallelic gene interactions. The significance of C scale suggests (dd) type of epistasis. The significance of D scale reveal (aa) gene interactions, significance of C and D scale indicates (aa) and (dd) type of gene interactions (Singh and Narayanan, 1993) .Genetic analysis of generation means to give estimates of the types of gene effects were obtained using the relationships given by Gamble (1962) . Jinks and Jones (1958) however, used following formulae to estimate m, a and d components in the absence of non-allelic interactions as three parameter model: _ _ _ _ _ m=½p 1 +½p 2 +4F 1 -2BC 1 -2BC 2 _ _ d==½p 1 -½p 2 _ _ _ _ _ _ _ h=6BC 1 +6BC 2 -8F 2 -F 1 ½p 1 -3/2p 1 -3/2P 2 where, their variances have been computed using following formulae: Vg +Ve The genetic variance (Vg) and environmental (Ve) were estimated according to Mansur et al.(1993) as follows: V g =V F 2 -V e V e = n e -1 (n p1 v p1 +n p2 v p2 +n f1 v f1 ) Where, ne = n p1 +n p2 +n f1 which represented are the number of plants of P 1 ,P 2 and F 1 generations in each cross, respectively . Narrow-sense heritability (h 2 ) for F 2 generation was estimated as proposed by Warner (1952) . Where: h 2 = 2VF 2-(VBC 1 +VBC 2 )/VF2 x100
The phenotypic (PCV%) and Genotypic (GCV%) coefficient of variation were estimated as the formulae developed by Burton (1952) .
The expected genetic advance form selection (G a ) was calculated as the formulae proposed by Johnson et al. (1955) , using the selection differential (K) equal 2.06 for 5% selection intensity and heritability in narrow sense.
The predicted genetic advance where the expected genetic gain upon selection was expressed as percentage of F 2 mean (Ga% ) was calculated following Miller et al.(1958) . The amount of heterosis was expressed as the percentage deviation of F 1 mean performance from mid-parent and better parent. Inbreeding depression was calculated as the difference between the F 1 and F 2 means as a percentage of F 1 . The "t " test was used to determine the significance of these deviations where the standard error (SE) was calculated as follows :
Where, the t is the deviation /SE at the corresponding degrees of freedom. Potence ratio: This parameter was calculated as follows: According to Wigan (1944) and Mather and Jinks (1971) .
F1 -M.P Potence ratio is ( P ) = ------------------
1/2 (P 1 -P 2 ) Where: F 1 = Mean of the F 1 generation. P 1 + P 2 M.P= Mid-parent value = ------------------2 P 1 = The mean of the better parent, and P 2 = The mean of the second parent.
Absence of dominance is considered when (P) is zero, and partial dominance is assumed when (P) is between +1.0 and -1.0, but not equal zero, and complete dominance is present when the (P) equals either +1 or -1.0 (+1.0= P= -1.0), over dominance is considered when the (P) exceeds either (+1.0) or (-1.0); i.e., (-1<P> +1).
RESULTS AND DISCUSSION
The difference between each two parents were found to be significant in all studied traits in the three crosses except number of branches/plant in the second cross as the t-test indicated. The genetic variance within F 2 -population was also found to be significant for all traits in the three crosses under investigation (Table 3) . Consequently, the genetic parameters needed in this concern were calculated. 
Cross 1 (Giza 3 x Rena Mora), Cross 2 (Sakha 1 x Ohshima-Zairai) and Cross 3 (Sakha 2 x Rena Mora).
Gene effects:
The estimated values of different scaling test according to Mather (1949) and Hayman and Mather (1955) , as well as six parameters describing the nature of gene action and their test of significance according to Gamble (1962) , for all studied traits are presented in Table (5 
). (A) and (B) and tests provides evidence the presence of all types of non-allelic gene interactions.
The significance of C scale suggests (dd) type of epistasis. The significant D scale reveal (aa) gene interaction, significance of C and D scales indicates (aa) and (dd) type of gene interactions. The test of adequacy of scales is important because in most cases the estimation of additive and dominance components of the variance are made assuming absence of gene interaction. The values of A, B, C and D should significantly differ than zero within the limits of their standard error. However, the results (Table 4) indicated that, the values of scaling test were significantly differ than zero for all studied traits in all crosses, which mean the presence of non-allelic gene interactions and the six parameter model must be done in all cases. The estimated mean effect parameter (m), which reflect the contribution due to the overall mean plus the locus effects and interaction of the fixed loci, were highly significant in the three crosses of all traits. The additive gene effect (a) was significant in positive or negative direction in all crosses for all traits, except in the first cross (Giza 3 x RM) for no. of branches/plant. For dominant effect (d) where its high in magnitude than that of additive type, because it gives high values comparing with additive gene (a) either in positive or negative directions. The values of dominant effect were significant in all crosses for all traits, except for days to flowering date and No. of branches/plant in the first cross, days to maturity and No. of pods/plant in the second cross, and No. of pods/plant in the third cross. These results indicated the importance role of dominance gene effects in the inheritance of these traits. On the other hand, significant of additive (a) and dominance (d) components indicated that, both additive and dominance gene effects are important in the inheritance of these traits. Also, selecting desirable genotypes can ' t be practiced in the early generation but it would be effective in the late ones. Similar results were obtained by Abo Mostafa et al. (2009 ), El-Hady et al. (2009 , Ashrei et al. (2013) , El-Refaey and Abd El-Razek (2013) and Abo Mostafa et al. (2014) .
The additive x additive gene effects was highly significant either in positive or in negative directions in all crosses for all studied traits, except days to flowering and No. of branches in the first cross, days to maturity in the second cross and No. of pods/plant in the third cross. However, significant positive or negative epistatic gene action (ad) was observed in all crosses for all studied traits, except days to flowering, seed yield/plant, No. of seeds/pod and chocolate spot disease reaction in the first cross; and days to flowering, No. of branches/plant and No. of pods/plant, where the values were not significant. The same trend was found with respect to dominance x dominance (dd), where positive or negative significant were observed. However, significant values were detected in all crosses for all studied traits, except No. of days to flowering, No. of branches/plant and No. of pods/plant in first cross and No. of days to maturity, plant height and No. of branches/plant in the second cross and No. of seeds/pod in the third cross where the values did not reach to the level of significant. The absolute relative magnitude of the epistatic gene effects to the mean effects was somewhat variable depending on the cross and the studied traits. With regard to negative values observed either with rays to oss and no. of dmain effects (a) and (d) or the non-allelic interactions i.e. (aa), (ad) and (dd), this might indicate that, the alleles responsible for values traits was over dominant over the alleles controlling high value. Generally, the absolute magnitude of the epistatic effects was larger than additive or dominance effects in most cases. Therefore, it could be concluded that, homozygous x homozygous and heterozygous x homozygous non-allelic interactions were more important than the heterozygous x heterozygous interaction in the inheritance of most studied traits. The epistatic gene effects were important than additive and dominance gene effects for most of the traits. Nighawan and Yadava (1969) reported the importance of the three types of gene action in oats. Thus, the employed breeding system in exploiting any character depends on the involved gene action in its expression for predicted gain in selection progress (Abul-Naas et al., 1993) . These results are in agreement with those reported by El-Hady et al. (1997) , El-Refaey (1999), Kalia and Sood (2004) , Attia and Salem (2006) , Al-Ghamdi (2007) , El-Galaly et al. (2008), El-Refaey and Abd El-Razek (2013) and Abo Mostafa et al. (2014) .
Results presented in Table ( 5) indicated that heterosis over mid and better parent for all traits were highly significant in positive or negative direction, except days to flowering in the first and third cross, days to maturity in the third cross and No. of branches/plant in the first cross over mid parents, and also, No. of seeds/plant in the third cross with respect to better parent. Potance ratio were less than unity but not equal zero for most traits concerning yield and its components, indicating partiol dominance. The presence of heterosis over better parent with respect to the first cross for No. of pods/plant, No. of seeds/plant and seed yield/plant in positive direction No. of branches/plant and No. of pods/plant in the second cross and No. of branches/plant and seed yield /plant in the third cross , which would indicate that progeny of these crosses could by used in breeding program for high yielding ability.
Inbreeding depression:
Inbreeding depression measured the extent of reduction of the F 2 generation due to inbreeding. Significant positive values were obtained for No. of branches/plant and No. of seeds/pod in the second and third crosses, No of seeds/plant and seed yield/plant in the second cross, chocolate spot and rust diseases reaction in the first cross. On the other hand, negative inbreeding depression values were obtained for chocolate spot and rust diseases reaction in the second and third crosses. The rest of traits over all crosses were non-significant. Significant effects for the both heterosis and inbreeding depression seem logic since the expression of heterosis in F 1 's was followed by considerable reduction in the F 2 performance. Also, reduction in values of non-additive genetic components is expected caused by means of inbreeding depression. In addition, the conflicting estimates of heterosis and inbreeding depression were associated in most traits. Similar conclusion were reviewed by El-Refaey and Radi (1991) , El-Hady et al. (1998) , Darwish et al. (2005) , Attia and Salem (2006) , Attia (2007) , El-Hady et al. (2008) , Abo Mostafa et al. (2009) and El-Hady et al. (2009) . 
Heritability estimates:
The high broad sense heritability values were obtained for No. of pods/plant in the second and third cross being (91.62% and 91.02% respectivily) and chocolate spot disease reaction in the third cross (Table 5) .
Meanwhile, the lowest estimates was resulted for plant hight in the third cross with value of 73.36%. Heritability in narrow sense as estimated by using F 2 and backcrosses data were low for days to maturity and rust disease reaction in the third cross with value of 46.64% and 51.85%, respectively. Meanwhile, high narrow sense heritability values for No. of pods/plant in the second cross and rust disease reaction in the first cross with values 75.00% and 73.68%, respectively. These results were in harmony with those obtained by Abdalla et al. (1999) , Mansour et al. (2001) , Darwish et al. (2005) , El-Hady et al. (2007) , Abou Mostafa et al. (2009 ), El-Hady et al. (2009 and Ashrei et al. (2013) .
Genetic advance:
The genotypic coefficient of variability (GCV%), phenotypic coefficient(PCV%),the genetic advance and the expected and predicted genetic advance upon selection as a percentage of F 2 generation for the studied characters are presented in Table ( 5) . No. of branches/plant, No. of pods/plant and No. of seeds/pod in the three crosses exhibited high GCV% and PCV% and predicted genetic advance with high heritability.
The highest genetic advance as mean percent (Ga%) were detected for No. of pods/plant in the three crosses being (85.39, 82.66 and 87.25%), respectively. Meanwhile, low predicted genetic advance values were obtained for days to maturity in the three crosses being (9.46, 11.57 and 6.08%), and for plant height in the three crosses (15.29, 10.35 and 10.86%, respectively). Johanson et al. (1955) reported that, heritability estimates along with genetic advance are usually more useful than the heritability values alone in predicting the results of selecting the best individuals. In the present work, high genetic advance was associated with high heritability values in narrow sense and GCV% and PCV% for No. of branches / plant, No. of pods/plant and No. of seeds/pod in the three crosses. Therefore, selection in these populations may be effective and satisfactory in the early generation (El-Refaey, 1999 and El-Hady et al. 2009 ). Also, moderate or low genetic advance was found to be associated with moderate or low heritability and GCV% and PCV% estimates. Therefore, it could be suggested that, the selection for faba bean seed yield in subsequent generation will be relatively more effective than in the early F 2 generation.
